UNCLASSIFIED

AD NUMBER

AD115333

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM
Distribution authorized to DoD only;
Specific authority; 31 Jul 1968. Other
requests shall be referred to Naval
Ordnance Systems Command, Washington, DC.

AUTHORITY

USNOL 1ltr, 29 Aug 1974

THIS PAGE IS UNCLASSIFIED




UNCLASSIFIED

AD NUMBER

AD115333

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential
LIMITATION CHANGES

TO:

Distribution authorized to DoD only;
Specific authority; 31 Jul 1968. Other
requests shall be referred to Naval
Ordnance Systems Command, Washington, DC.

FROM:

Controlling DoD Organization. Naval
Ordnance Systems Command, Washington, DC.

AUTHORITY

31 Jul 1968, DoDD 5200.10; Pre-dates
formal DoD distribution statements.
Treated as DoD only

THIS PAGE IS UNCLASSIFIED




SRRy WORRTA ST Wi e P e - nh s

irmad Services Technical Information Wgency

o oa—

. ANE UIV.0 FOR AN7 PUP.POSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED

{ GOVERNMENT MAY HAVE FORMULATED, FURMISHED, OR IN AMY WAY SUPPLIED THE
i aAID DRAWINGS, SPECUICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY

!

————

o — - . - ~ o, E O T A :

L [ - W-f“" . ) . - mm DT
- WP N BN eoow
__._......-..-.T r Ca g e = Y [ w2 P - e

Repraduced by

DOCUMENT SERVICE CENTER
KNOTT BEILDING, DAYTON, 2, 0HIO

{8 @, 110 t i8 wie property of the United States Government. It is furnished for the du-
rac-a of ite contract and shall be returned whea no longer required, or upon recall by ASTIA
to the following addrsss: Armed Services Technical Iaformation Agency, -
Document Service ‘Jenter, Knott Building, Daytos 23, Ohto.

HOTICE: WHEN GOVERN MENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA

GOVEE:NHENT FROCUREMENT OPERATION, THE U. 8. GOVERNMENT THEREBY INCURS
NO RESPONSIBIL.TY, NCR ANY OBLIGATION WHATSOEVER; AND THE FACT T:AT THE

'{ IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER
: PERSON OR CORFORATION, OR CONVEYING ANY RIGHTS OR P TO MANUFACTURE,
! USEUR SELL 4%Y PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERETO.
- Epe——— »-- S——— -— * . E S a
,.. . ety "” . —_ - - -< IR

- - N -
1. B )

e B o )




UNCLASSIFIED

A (

. DEFENSE DOCUMENTATION CENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMAT:" ,:

.CAMERON STATION ALEXANDRIA. VIRGINIA

MDM'.'BYEARINI‘EIWAIS:
DECLASSIFIED AFTER 12 YEARS
DOD DIR 520010

!
UNCLASSIFIED !

Best Available Copy

P E
WY

o e N
A4 Pl AARAENE NG, ¥
? il ’ .‘.),.h.,“_“‘%, .
w » P A ..'~' . \
v -
_,‘v‘-




P

r

l?, NOTICE: THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE | BN
1 . ‘ .
~ NATIONAL DEFENSE JF THE UNITED STATES WITHIN TEE MEANING |}

| OF THE ESPIONAGE LAWS, TITLE 18, U.S.C., SECTIONS 793 and 794.

——h - ¥

R,

ANY MANNER TO AN UNAUTHORIZED PERSON IS PROWMIBITED BY LAW. |

H
!
i THE TRANSMISSION OR THE REVELATION OF ITS CONTENTS
i
3

z
i,




N

CONFIDENTIAL NAVORD REPORT 4345

-

[/ TIRP

<

A HYPERVELOCITY GUN USING A SHOCK —~COMPRESSED

STEAM—-HEATED PROPELLANT

L4

30 JULY 1956

——-
-\h- o el e o e s i et . g . AR ¢.;..L—-—-— —

- )
. -

.......
.........

eae
v K3
c#

&

CONFIDENTIAL




COMFIDENTIAL
NAVORD Report 4345

Aeroballistic Research Report 351

A HYPERVELOCITY GUN USING A SHOCK-COMPRESSED
STEAM-HEATED PROPELLANT

Prepared by:
A. E. Seigel and Z. I. Slawsky

ABSTRACT: This report describes a new type of hyperveloclty
gas gun for launching models of hypersonic missiles. The
basic principle of this launcher (called the NOL Shock Gun)
i3 the advantageous .se of a chemical reaction (oxygen plus
hydrogen added to helium) to produce a low molecular weight
high temperature propellant gas and a shock to further com-
press and heat the hot steam-helium mixture. As descrited
in the report the NOL Hypervelocity Gun is modified by che
elongation of the gun chamber and the addition of the shock.
nroducing chamber in back of it. The paper contains theo-

. retical analysis of the expected performance of this gun

a ] discusses the use of the same principle for shock tubes

where extreme high velocity is desired.

U. S. NAVAL ORDNANCE LABORATORY
WHITE OAK, MARYLAND
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This report contains a description of a new type of hyper-
velocitv missile launcher, a theoretical analysis of its
performance and an outline of the method of converting the
NOTI. Hypervelocity Gun to the new type. Thia conception of
2 new hypervelocity gun resulted from the need of devising
means of launching models of Fleet Ballistic Missiles at
speeds which are equal to those of the actual missile.

Although this gun was actually conceived and developed during
the past year, it is in a sense the end product of over six
years of research in the field of interior ballistics. The
authors wish therefore to acknowledge their appreciation for
the support received during this period to the Armaments
Branch of the Office of Naval Research and Re5-a of the Bureau
of Ordnance for supporting the initial stages of hypervelocity
gun research, tc Re34-1 of the Bureau of Ordnance for assist-
ance in the construction of the steam-helium hypervelocity
gun, and flaally to the Special Projects 0ffice of the Bureau
of Ordnance for the high priority backing which made it pos-
sible to design and fire this gun in six wmonths.

The authors also wish to acknowledge their debt to

- Dr. Hermann Kurzweg, Associate Technical Director for Aerc-

ballistic Research for his enthusiastic support of a scheme
in the atages where its final results were still in question.

WILLIAM W. WILBOURNE
Captain, USN
Cormander

H. H. KURZWEG, Associlate Technical
Director for Aercballistic Research
By direction
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LIST OF SYMBOLS

Sound velocity of gas
Average specific heat per unit weight if no dissociation

Dissocliation energy of water, per mole of water, divided
by the molecular weight of mixture '

-Gun chamber.diameter

Shock chamber diameter
Internal energy of gas per unit weight
Mach number of gas

Exponent in isentropic relation for maximum dissociated
gas ‘

Number of moles of constituents in diassociated gas
Numbher of moles of conatituents in undissociated gas
Pressure of gas

Gas constant of gas per unit weight

Entropy of gas per unit weight

Denotes shock which 1s initially propagated into gun
chamber

Denotes shock which is reflected at the end of the gun
chamber and travels back toward the shock chamber

Temperature of gas

Velocity of gas

Specific volume of gas _
Ratio of gun chamber length to shock chamber length
Specific heat ratio of gas (here equsal to 1.5)
Equal to N - N,
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Density of gas

Riemann functicn, defined in Appendix I

SUBSCRIPTS

Denotes initlal state of gas in shock chamber after
chemical reaction

Denote's initial state of gas in gun chamber after

- chemical reaction

Denotes state of gas betweer. contact surface and
shock Sl

Denotes state of stationary gas behlind shock S3

Denotes state of gas in the shock chamber just before
the change in area section

Denotes the state of gas in the gun chamber just after
tie cnange in area section

Denotes state of gas in shock chamber before chemical
reaction

Denotes state of gaa in gun chamter before chemical
reaction

BARRED QUANTITIES

A bar over a quantity in Appendix I denotes that it
is dimensionless
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A HYPERVELOCITY GUN USING A SHOCK-COMPRESSED
STEAM-HFATED PRCPELLANT

INTRCDUCTION

1. The quest for high-sreed model laurchers dates back at
least a dozen years. The first successful high velocity
launcher for small caliber projectiles was develoned by the
New Mexico School of Mines, and sinc¢2> then this type of gun
has been improved by Dr. Charters of the Ames Aeronautical
Lavuratory of NACA and a similar one built by the Universal
winding Company for the Ballistics Research Laboratory,
Aberdeen Proving Ground.

2. More recently the Naval Ordnance laboratory has developed
the "NOL Hypervelccity Gun", the U40-mm size of which is capa-
ble of launching models at speeds almost as high as those
reached by the small caliber guns. This gun is described in
references (a) and (e). Pigure 1 lllustrates the performance
of this gun. There exists also an NOL Hypervelocity Gun in
the caliber 0.50 size,

THE BASIC PRINCIPLE OP HIGH SPEED GUNS

3. The basic principle of all high-speed gas guns 1s the use
of a low ucoustic impedance gas, the idea being to get the
required pressure in the chamber with the smallest wetght »f
propellant gas per unit volume, There are two main methods for
obtaining a low molecular welght, high temperature gas, i.e.,
one with a low acoustic impedance. One of these has already
been amply discussed in the literature. It depends upon the
use of a single stroke piston to compress and adiabatically
heat the light gas, The other is the method used here at NOL
in 1t3 Hypervelocity Gun. Chemical energy is used to heat
helium without adding too much of the heavy components which
supply the chemical energy. More specifically, oxygen and
hydrogen are added to the helium in the ratio of 1:3:8 b

molar volume., The hydrogen-oxygen reaction furnishes the
necessary energy,® (see references (a) and .(e)).

- o @ e e e e e W ® @m e = = -»> @ e m e e e . e e B e = @ =

#It 18 to be noted that the helium can be supplanted in paru
or in total by hydrogen, ylielding slightly higher pro ectile
velozities and lower mixture temperatures. However, in this
cacse the danger of hydrogen cmbrittlement and explosion must

be recognized,

1
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4. The NOL Hypervelocity Gun has a muzzle velocity capability

whichk is less than an equivalent gun system using the com-
pression principle. This 18 due to the fact that the amount
cf chemical energy that can be used 18 limited, whereas the
temperature that can be obtained by the alternate method de-
pends only on the compression ratio, Tha advantage of the

“NOL Hypervelocity Gun lies in the simplicity of its con-

Struction with the practicabiliity of making large guns using
the same principle. The compression ratio required by the
nther type of gun makes the chamber impracticaily large for

guns above the 20-mm size.

5. The following scheme, the "shock gun" scheme, has been

conceived by the authors in order to achieve even lower acoustic
impedance and hence higher muzzle velocity without resorting
to moving pistons or very large compression ratios.

THE SHOCK GUN PRINCIPLE

. The basic principle in the shock-conpressed steam-helium
("shock gun’) method is the advantageous use of the chemical
reaction as already used in the NOL Hypervelocity Gun together
with the advantage: of heating by compression. The first
carries with 1t the penalty of increase in molecular weight
due to the combustion products. The second does not require
any such contamlnation but 1: does require large initial
volunes. In the "shock gun" & hot gas is raised in pressure
and temperature still further by means of a compression. The
compression is effected by the use of a shock rather than u
mechanical piston. The odvioue advantage of this procedure
1s that one does not have any moving parts in the chamber of
the gun. Consideration was given to the possibility of com-
pressing the steam-helium mixture with a piston, but it was
rejeécted in favor of the method %o be described below.

7. The fabrication of the "shock gun" from an existing gun
and an adapter is schematically 1llustrated in Pigure 2. The
‘uppermcst sketch is & schematic of the existing caliber 3.50
gun (one of the NOL Hypervelocity GQuns) with its 30-mm chamber,
Immediately below it is a sketch of an adapter containing a

. 30-mm diameter chamber and a 70-mm diameter chamber. The

latter chamber will be referred to as the shock-producing
chamber or shock chamber for short and the first as part of
the gun chamber, Belou this in the same figure is a sketch
of the assembled "shock gun”. As can be seen in the assembly
sketcl the gun chamber ‘4 aealed from the gun barrel by a
diaphragm identical to the ones used in the caliber 0.50 NOL
Hypervelocity Cun. (This type of dilaphragm developed at NOL,

e
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reference (a), upon rapture -imply folds, and no pieces of
the diaphragm are sent downstream.) The shock: chamber is
sealed “rom the gun chamber by another diaphragm identical

to thnse used in the 40-mm NOL Hypervelocity Gun. 1In fact
the breech plug, although somewhat shorter is essentially the
same as that used in the 40-mm NOL Hypurvalocity Gun.

5. The concelved method of operation is 1llustrated in

Pigure 3. Diagram A shows the "shock gun", the sun chamler

of which 18 loaded with oxygen-hydrogen-helium mixture (the
same mixture as used in the NOL Hypervelocity Gun) to a pres-
sure Py of about 850 psi. The shock chamber 1s lcadea with
the same mixture to a pressure Py of 8000 psi. The mixture

in the gun chamber 13 now ignited. The reaction will raise
the pressure to approximately 7500 psl and a temperature cf
approximately 27CGOYK. Since the dlaphragus are designed to
take much higher pressure, this wiil resull in what 1s known
in gun terminology as a "hangfire" ia the gun chamber. Diagrar
B indicates the new state. After a short time declay of ap-
proximately 1 to 2 millisecondc, the mixture in the shock
chamber 1s ignited raising the preasure in 1t tv an estimated
45,000 psi and a temperature apprcximately the same as in the
gun chamber (see Diagram C). The pressure in the shock
chamber is now sufficier.t to rupture the chamter diaphra

anc to fold 1t so that it is out of the way of the ‘low %mee
Diagram D). A shcck S) as is shown in D 1s prepagated into
the gun chamber by the gas expanding from the shock chamber.
The shock will be reflected at the end of the gun chamber as
is indicated in E, further raising the pressure 221 temperature
to values P and T The atrength of the reflected shock will,
of course, “e:end gn the rupture process of the gun diaphragm
which divides the gun chamber from the missalle. For the cal-
culations presented below, reflection has been assumed to be
complete. The effect of inccmplete reflection will be dis-
cussed later.

Pigure U 1s a graphical presentation of the pressure ratio
P%/P as a function of the initial pressure ratio P,/P; across

giaphragm separating the shock chamber .'rom the gun chamber.
As 13 shown in the figure, curves have been calculated for a
series of shock chamber to gun chamber diameter ratios. Ap-
pendix I describes the method used for these calculations.
The curve appropriate to the gun under discussior 1is one
slightly above that labeled Do/v Since the initial
pressure ritio ls approximately é tor the conditions descrivad
above, a 20% gain in pressure over that in the shock chamber
i1s expected. Thir would make the preessure that the missile

. first feels approximately 55,000 psi. Pigure 5 1s a gruphical

presentation nf{ the resulting sound speed ratio, a3/a0 as a

3
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function of the initjal pressure ratics. Agaln, separate
curves are calculated for the various ratlos of shock chamber
to gun chamber diameters. The curve corresponding to the gun
under discussion 1s again one slightly &bove that labeled 2,
Notice that for a pressure ratio cf 3ix the expected sound
speed will be somewhat more than 1.4 times the sound speed
already in the steam-helium mixture. Since the sound speed
in the steam-helium mixture is approximately TO0OO ft/sec it
1s expected that after shock reflection the sound speed will
be approximately 10,000 ft/sec.

N Bt ¢ ) s iy e+ . g
.

— m——  ———— o —

10. Figure 6 13 a graphical presentation >f the density p,
before any shock has been prcpagated through the gun chamter
divided by the density p, after shock reflectlion as a function
of the initial pressure ratio. Again for an initial pressure
ratio of six the increase in density will be approximatzly
3-1/2 times the initial density. This means that the effective
gun chamber length will be 0.275 times its initial length.
This loss in effective chambeir voiume is the price paid for
the iricrease in the sound speed by the method of shock heating
and compression. The length of gun chamber required 1is deter-
mined by the methods outlined in reference (c).

11. The necessary length of gun chamber relative to the length
of shock chamber is determined by the condition that the re-
flected shock S, reach the contact surface at the same time

as the first re?lected rarefaction disturbance (dashed line
A-B in Appendix I). This length ratio is plotted as a

function of Po/P; in Figure 7.

12. PFigure 8 contains four calculated performance curves
giving the muzzle velocity as a function of the in-gun-weight
of projectile. These curves are calculated on the basis of a
40-mm, U-meter long gun barrel with initial pressure experi-
enced by the projectile of 40,000 psi. (See references (b)
and (c) for method of calculation.) The curves correspond to
different sound speeds. Conversion to a caliber 0.50 gun, 50
inches long is straightforward. The corresponding missile
welght must be in the ratio of the diameters raised to the
third power. Thus 40 grams in this gun corresponds to 1.25
grams in the caliber 0.50. Increase in initial pressure can
also be taken into account by the condition that the muzzle
velceity will be the same as long as za& i8 kept the same. P

; 1 is the 1initilal pressure behind the projectile, A the area, L
the length of travel, and M the mass of the projectile. Thus
: 55,000 psi corresponds to a mass of 40 x 40/55 or approximately .
30 grams., According to these calculations therefore 1t 1is
expected that a nylon sphere (1.25 grams--equivalent to 40

4
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grams in the 40-mm gun) will be launched at somewhere between
15,000 and 16,000 ft/sec. The formulae used In calculutling
Figures 4 through 7 are presvnted in Appendix I. In these
calculations the final state of the steam-helium mixture has
been assumed to follow ideal gas laws without dissociation of
the water moiecule. The effect of dissoclaticn is discussed
in Apperndix II. It is shown there that the muzzle veloclity 1s
not appreclably affected by the occurrence of dissociation.
For this reason 1t was thought not worthwhile to carry through
mcre exact calculation of the projectiles motion with the
dissociation takun into account.

SUMMARY AND CONCLUSIQN

13. It 1s cur op.uion that tliere are several factors which
make this gun scheme attractive.

(a) Because the reaction in the gun chamber 15 contained.
1t will gc to cumpletion, and the resulting pressure and temper-
ature will be higher than that attained in the NCL Hypervelocity
Gun.

(b) Since the diaphragm separating the shock chamber from
the gun chamber will have 7500 psi on the downstream side (gun
chamber side), rupture should not take place until the pres-
sure in the shock chamber exceeds 20,000 nsi (diaphragm used
here ruptures at 12,500 psi). Since the higher the pressure
prior to rupture the more complete is the combustion, better
performance should be obtained from the shcck chamber too.

(c) Since the shock 1s used to further heat and compress
an already hot mixture of steam and helium, thc volume ratio
required (initial voliume to final volume) tc reach a temper-
ature of 5000°K 1s less than four. Because of this the shock
chamber and gun chamber wlll not be impractically large: for
example, a 200 calibew 4O-mm gun would require a gun chamber
4 meters long and a shock chamber about 1 meter long, an over-
all length of 13 meters or approximately 40 feet. This 1s not
much longer than the caliber 0.50 New Mexlco School of Mines

type of gun.

(d) In the calculations, complete reflection of the shock
was assumed. If the diaphragm separaiing tltie gun barrel fro~
the gun chamber, ruptures as the shack hits it, the rzflection
will not be complete. An estimate of the effect of ineomplete
reflection on the muzzle velocity can be made as follows: the
limiting case wlll be cne with no reflectlion at all. It is
then not too difficult to calculate the approximate projectile
motion when accelerated by a gas at pressure P2 and with 2
velocity Us (contact surface velocity). It turns out that

5
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the 1lo0ss in pressure and temperature due tc tne fact that \
the flow is not bruught to rest 1s nearly compensated for
by the fact that the propelling gas is already in motion.

g : 1%. The application of this principle, that is the multi-

stage compression chamber usirg a steam-heiium mixture to

N - shoek tube drivers, 1s obvious. Although the idea of the

use of a serles of compressicn <hambers iIn a shock tube each

| . having higher precsure than the previous one 1s not new,

: "the use of a hot steam-helium mixture initially in each of

] - ‘ the compression chambers 1s. The difference in the expected
performance between thils scheme and the previous ones is
large. Quantitative evaluatlion will appear in a future

publication. '

i 15. Finally it is to be noticed that although the shock gun
i . Scheme uses two stages it is possible to intrcduce a third

! and a fourth stage thus ralsing the temperature. However,

; in the opinion of the authors there are several practical

- arguments which make the introduction of other stages not
particularly attractive. Larger chambers will be necessary,
and the higher temperature wil)l aggravate the erosion prob-
lem and the heat loss due to radiation.

6
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APPENDIX I

EQUATIONS USED TO CALCULATE PRESSURE RATIO (g/vo),mn
SOUND VELOCITY RATIO (a3/ay) AFTER PASSAGE OF REFLECTED SHOCK

1. The history of the gases in the shock chamber and the gun
chamber after each has been ignited may be obtained from con-
ventional chambered shock tube theory (for example, see report
by J. Lukasiewicz, reference (d)). The states of the gases
after ignition are depicted in the sketch below,

pl :
C:;. |-‘% c’t"’o !¥§§§’ ?

where P, is the pressure of the gas in the shock chamber and
Py is tge relatively lower pressure of the gas in the gun
chamber., Both gases have equal sound velocitics, since the
same proportion of the constituents of the gaseous mixture
before lgnition are in each of the chambers.* Thus, ao : a,.

2. The difference in pressure, P, - P1, 1s sufficient to
rupture the diaphragn separating the gun chamber from the

S
L ,
_JL}JQ Q,13,=Q, )
| pz

# The mixture before and hence after {gnition are at different
pressures, but the effect of pressure .an the adlabatic flame
temperature and sound velocity is asaumed negligible.
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Shock chamber; the gas from the shock chamber rushes into the
gun chamber pushing th: gas in the gun chamber at a velocity
U2; thils pushing causes a shock to be sent ahead into the

2as in the gun chamber at a greater velocity Si. This shock
increases the pressure and sound velocity of the gas it passes
through to values denoted by P> and a, respectively.

3. When the shock reaches the end of the gun chamber it is
reflected and travels back toward the shock chamber with

veloclity Sp raising ihe pressure and sound velocity of the
gas 1t travels through to P3 and as. :

4. The travel-time diagram is sketched below:

} = ?'

5. The'equations describing thc changes which take place are
summarized below in a dimensionless form. The quantities are
made dimensionless by the following transformations:

U=t o= [P
§-190 ¥=190 ¥=100
P=pP/pP, P
where @ 1s the Riemann functlon equal to eT) For
a perfect gas = Q
== ° 3
E'a_lﬁ/tﬁ'l) (1)

9
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The suffix "s" is used to denote the state of the gas in the
shock chamber just before the change of area section; the
suffix "g" is used to denote the state of the gas in the gun
chamber 1mmediate1y after the change of area section.

Shock Chauber Equations

ﬁ3+ Os =1 {rerefaction equation) (2)

Change of Area Section Equations

“'ET G:-P 3:' -,% G:+ E’: (energy equatian) (3)
%D:(_s)'-' G{'}D’.{G'QF!TGQ (continuity equation)  (4)

6. The maximum velocity attainable in the throat state "¢"
1s sonic; at this time

Ug= Ugn Gg= 5, () | (5)

whers the asterisk indicates the sonic conditions. when the
?or)\ic cox(xﬁ:).tion occurs equetion (5) 1a used with equationa
3) and

Equation Relating Gas in State "}" wWith the Gas Rehind Shock

ﬁg'i- O’g = U ¢+ 6, : (rarefaction equation) (6)

Equations for States Across Shockas

Uprp "2 o" ——l—————a,p,fp‘p" (7)
a L2220,
=% F TR+
10
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g El
' "N+ P, @
PY% a(%ﬁ*z)(p%)“ | (9)
> P+

. a
Q2. P P H + py&)  (0)
c (lt) p’/Pz +1

‘n

e e emeere .

? ) 7. From equations (1) through (10), the desired quantities
' . P3/P,, and a3/ay can be obtained as a funccion of Po/P1. 1In
- the present stance the computations were done with an

automatic computing machine, an IBM 650 computer, by the
) Applied Mathematics Division, Aeroballistic Research Department

of NOL. The ratio }?/0% was caulculated from the relation:

F- B - BE- (B

- 11
CONFIDENTIAL




CONFIDENTIAL
NAVORD Report 4345

APPENDIX II

'~ EFFECT OF DISSOCIATION OF WATER IN THE MIXTURE
ON THE PROJECTILE VELOCITY

1. In the calculation of projectile velocity the gas mixture
was assumed to consist of undissociated products of the re-
action (i.e., 2Ho0 + Hy + 8He with a y = 1.5). Actually, of
course the water wil] issoclate as the temperature rises.
This is shown in Figure 9 where the percent of dissociation
of the water for the mixture 1s plotted as a function of
pressure for constant temperatures. (These curves were cal-
culated on the assumption that the water dissociates into

H2, 02 and OH.)

2. To determine the effects of the dissccizticn on the shock
Zun performance a limiting case of maximum dissociation was
examined in which most of the energy imparted to the gas
above LOOOCK goes toward dissociating the water, while a
negligible amount goes toward raising its temperature.* Thus,
frcm the expression for internal energy per unit weight of
the gas with dissoclation

es(1+&L£ )T +2Lp . (1)
No No
the change in inteimal energy becomes

de-@g +2D)9‘-‘l R )

where the dT term has been n2glected by our aasumption of a
limiting case of maximum diasociation.

3. Prom the equation of state of the dissoclating gas

pve RRT =0+ LIRT | )

*+ A more exact calculation is possible but was not attempted
because it was thought not uorthuhjle.
## See list of aymbols

12
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and from the Gibbs relation

Tds=de+ pdv (%)
4 the isentropic relation 1s obtained as

pv" = constant (5)

with

D+C T

and in which 7T has been taken as efrectiv ‘ly constant 1n the
derivation in accord with our limiting case assumpticn. The
exprnent "N" in equation (5), which can be interpreted as

an effective ratio of specific hcat, has a value for the

mixture at 4O00CK of approximately 1.07.
4, Prom (5) the sound velocity is obtained as
a=\{npv (6)

Purther, from the above equations the relations between vari-
ables across a normal shock may be easily obtained. It is
found that the ratios of P, 0, Q, U , and M across a .iormal
shock are the same function of initial Mach number in this
limiting case as for the classic case of an ideal gas.

5. 1f the conditions of the gas are calculated after the
reflected shock passes through it, the pressure 1s found to
rise from 22,500 p3si to u44,500 pai and the sound velocity
from 8540 rt/sec to 8730 rt/sec These values are compared
to those obtained with the undissoclated ¥ = 1.5 gas in the
table below.

Comparison of State of Gas After Passage of Reflected
Shock in Limiting Cases

Undissociated Gas

Maximum Dissocliated

1 = 1-5 Gaa ‘! - ln°7 -
P3n pli 550500 “‘*.500
a3, rt/se» 10,025 8,730
T3, 9K 5,525 4,000
% Dissociation 0 55%
6. With the conditions in state "3" taken as initial con-

ditions the projectile velocity can be calculated for the

13
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maximum dissociated gas case. Fér‘tﬁisAcaIcﬁlation thé»gas
1s taken to expand from state "3" with an effective "y" of
1.07 until reassociation is complete (l.e., € = 0), after

. which the gas expands with a ¥y of 1.50. For the example

cited in the text (40 gram projectile in a 40-mm gun), the
calculated projlectile velocities‘are~compareq below.

Comparison of ProJjectiie Velocities inALiﬁitiqg;Casea -

- Maximum Dissoclated Gas
Undissociated Gas = 1in State "3", Reassociation
¥y - 1.5 ~_During Expansion

‘Projectile 15,800 - 15,000

velocity ft/sec

Thus in the extreme case of maximum disscociation the projectile

‘velocity is slightly decreased.
7. Actually from Figure 9 and a knowledge of the specific

heats it may be readily shown that the assumptiaon of no dis-
sociation is more nearly correct. Thus, it was calculated
that instead of S500°X, the value of T,, obtained for the
undissociated case, the temperature wodla drop to ahout 5000°K.

8. Therefore, because (a) dissociation has little effect on
the performance of the shock gun, (b) the gas is more nearly
undissociated, and (c) the calculation is considerabdbly sim-

plified, the piston motion was computed with the assumption

that no dissociation occurs.
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